An electrochemical DNA biosensor was successfully fabricated by using (3-aminopropyl)triethoxysilane (APTES) as a linker molecule combined with the gold nanoparticles (GNPs) on thermally oxidized SiO 2 thin films. The SiO 2 thin films surface was chemically modified with a mixture of APTES and GNPs for DNA detection in different time periods of 30 min, 1 hour, 2 hours, and 4 hours, respectively. The DNA immobilization and hybridization were conducted by measuring the differences of the capacitance value within the frequency range of 1 Hz to 1 MHz. The capacitance values for DNA immobilization were 160 F, 77.8 F, 70 F, and 64.6 F, respectively, with the period of time from 30 min to 4 hours. Meanwhile the capacitance values for DNA hybridization were 44 F, 54 F, 55 F, and 61.5 F, respectively. The capacitance value of bare SiO 2 thin film was 0.42 F, which was set as a base line for a reference in DNA detection. The differences of the capacitance value between the DNA immobilization and hybridization revealed that the modified SiO 2 thin films using APTES and GNPs were successfully developed for DNA detection.
Introduction
Gold nanoparticles (GNPs) with the sizes in the range of units to hundreds of nanometres lately attract a comprehensive attention in different fields of medicine, biology, physics, and chemistry as a result of their unique electronic, magnetic, optical, mechanical, physical, and chemical properties [1] [2] [3] . Gold nanoparticles have gained considerable attention in recent years for potential applications in industry and nanomedicine. Also, gold nanoparticles show promising behavior in enhancing the effectiveness of various aimed cancer treatments such as photothermal therapy and radiotherapy [4] .
Applications of gold nanoparticles show strong optical dying out at near infrared and visible wavelengths which can be tuned by modifying the size. Recently advances in their high-yield synthesis, functionalization, stabilization and bioconjugation, gold nanoparticles are an increasingly applied nanomaterial. Bulk gold is perfect for being inert; however, the nanoparticulate sizes of gold show astronomically high chemical reactivity [5, 6] .
The development of DNA sensors has recently attracted substantial attention in connection with research efforts directed at gene analysis, the detection of genetic disorders, tissue matching, and forensic applications [7] .
DNA hybridization detection is a main issue in molecular biodiagnostics [8] , determination of genetic diversity [9] , food analysis [10, 11] , criminal investigation in forensics and immigration [12] , and environmental monitoring [8] . Different techniques have been proposed for the detection of target DNA, such as electrochemical sensing [13] , fluorescence [14] , chromatography in tandem with mass spectrometry [15] , surface plasma resonance [16] , and oligonucleotide microarray and DNA [17] . The detection of DNA is an area of excellent interest as it plays a main role in clinical, pharmaceutical, and forensic applications. Electrochemical transducer offers several advantages, such as high sensitivity, simplicity, inexpensiveness, and accurate specificity for converting DNA hybridization results into useful analytical signals [18] [19] [20] [21] .
The electrochemical DNA biosensor devices based on the principle of nanotechnology have become one of the 2 Journal of Nanomaterials most exciting fields in analytical chemistry. This has been facilitated by the accessibility of various nanomaterials, for example, nanotubes [22] , magnetic particles/nanoparticles [23, 24] , and nanowires [25] .
Gold nanoparticles are widely used in immobilization of DNA probe because of their unique characteristics, such as strong adsorption ability, high biocompatibility, and great surface area [26] . In this study, we have developed an easy to fabricate which were acted as the electrode for DNA detection by using GNPs synthesis on thermally oxidized SiO 2 . Prior to the probe DNA immobilization and target DNA hybridization detection, the SiO 2 thin films surface was modified with GNPs due to its well-known chemistry, superior capacitance, and huge attachment surfaces. A novel, label-free biosensor and sensitive DNA sensor.
Materials and Methods

Preparation of GNPs Solution.
Gold nanoparticles (GNPs) were used in this project for the immobilization and hybridization of the DNA on the SiO 2 thin films. Firstly, a HAuCl 4 solution with the concentration of 0.49 mol/L was prepared by dissolving 500 mg of HAuCl 4 into 3 mL of 10% HCl. Then, a diluted 0.2 mM of HAuCl 4 solution was made by adding 40 L (19.6 mol) of HAuCl 4 solution into 100 mL of deionized water as to produce solution A. Secondly, 558.79 mg of trisodium citrate was added into 50 mL of deionized water to make a solution B. The concentration of the solution was controlled at 38.8 mmol/L. Solution A was brought to a rolling boil at 150 ∘ C with stirring vigorously as to get a homogenous size of the GNPs solution. 10 mL of 38.8 mM of sodium citrate was added rapidly into the vortex of the solution. The solution resulted in a color change from pale yellow to red. Boiling and stirring were continued for another 10 min. The heating was then removed, and stirring was continued for an additional 15 min. When the solution cooled down to room temperature, it was filtered through a 0.8 m membrane filter paper. The prepared solution was kept in the refrigerator with the temperature 4 ∘ C and measured by using UV-Vis with the wavelength 400 nm to 800 nm. 2 with GNPs. A p-type silicon (100) wafer (1 cm × 1 cm) was cleaned by using acetone and isopropanol in ultrasonic for about 15 minutes and was immersed into the buffered oxide etch (BOE) solution and washed with deionized water followed by oxidation process for 30 minutes. After oxidation, the silicon oxide (SiO 2 ) layer of thickness ∼50 nm, the aluminium (99.99% of purity) was deposited on the backside of the Si using thermal evaporator. The selectivity of the DNA biosensor was studied using the GNPs/APTES/SiO 2 /Si/Al electrode. The SiO 2 surface was functionalized with APTES solution which was prepared by mixing of 2% APTES with 93% of ethanol and 5% of deionized water. The silanyl group (-SH 3 ) presented in APTES was used for the process of silanization, which was chemically attached with the hydroxyl-rich SiO 2 [27] . Besides that, amino group (NH 2 -) presented in APTES was served as a glue layer to attach the GNPs which linked to probe DNA.
Modification of SiO
Attachment between APTES and GNPs is shown in Figure 1 . For the surface modification of SiO 2 with APTES, 10 L of prepared APTES solution on the SiO 2 surface and incubated for 2 hours. Then, the surface washed for 3 times in blow dried the surface and drop 10 L of GNPs on the surface at 150 ∘ C for 20 min on hotplate. This step was repeated 3 times to obtain enough GNPs on the SiO 2 surface and electrode is ready for electrical characterization.
Probe DNA Immobilization on Modified GNPs.
Probe DNA was purchased from 1st BASE Pte Ltd. (Malaysia). The probe DNA sequences were 5 -CTG ATA GTA GAT TTG TGA CCG TAGAAA-C6. Probe DNA was dropped onto the GNPs modified SiO 2 electrode for immobilization and incubated at room temperature for 0.5, 1, 2, and 4 hours. After a period of time, the electrode was carefully washed by using deionized water to remove any unbonded DNA probe and dried at room temperature. The probe-modified devices were denoted as DNA/GNPs/APTES/SiO 2 /Si/Al and then were ready for electrochemical measurements. After that, the GNPs electrode was washed by using deionized water to remove any nonhybridized DNA and dried at room temperature. 10 L of 0.5 M methylene blue was then dropped onto the GNPs electrode and incubated again for 3 minutes. Finally, the GNPs electrode will once again be washed with deionized water to remove any excess of methylene blue and the GNPs electrode is ready to be electrically measured once it has dried.
Electrochemical Measurements.
Electrochemical measurement was performed by using dielectric analyser. The tests were conducted by using Ag/AgCl as the reference electrode and GNPs-modified electrode as a working electrode. The Al acts as a back gate. The responses of the DNA immobilization were investigated in 10 M potassium hexacyanoferrate III, K 3 Fe(CN) 6 aqueous solution containing 0.1 M KCl as electrolyte. A schematic view of testing measurement for DNA detection is shown in Figure 2. 
Results and Discussion
Measurement of UV-Vis Spectroscopy.
The characterization of prepared GNPs solution was examined using an UVVis spectroscopy. The measurements were carried out within the wavelength range of 400-800 nm under ambient conditions and the result is shown in Figure 3 . The absorbance maximum was found at 530 nm, which was indicative of GNPs of diameter 35 ± 5 nm [28] . The particle size was further confirmed using the method described by Haiss et al. [29] .
Capacitance Measurement.
The dielectric behaviour of GNPs modified surface for DNA detection was investigated using dielectric analyzer. Figure 4 demonstrates the Journal of Nanomaterials Figure 2 : A schematic illustration of testing measurement of a modified GNPs electrode and the hybridization of DNA using APTES.
capacitance-frequency (C-F) characterization by connecting two-point probe. The change in capacitance before and after immobilization of the DNA onto the GNPs-modified electrode was carried out in the frequency range of 1 Hz to 1 MHz on the same sample. The result shows that the capacitance values were 160 F, 77.8 F, 70 F, and 64.6 F, respectively, at 1 Hz for DNA immobilization on the devices during periods of time in 30 min to 4 hours. The capacitance value for bare device was 0.42 F that was set as a base line. The result indicated that the electrode device exhibited the lowest capacitance value of 64.6 F at period of 4 hours and the highest capacitance value of 160 F in 30 minutes after DNA immobilized onto modified GNPs. The difference value of capacitance in DNA immobilization and hybridization in 30 min has shown the largest capacitance value whereby confirming that 30 min is the best period for DNA immobilization and hybridization. Furthermore, the capacitance values for GNPs modified surface are higher than the bare device. This is probably because the APTES is a conducting polymer material that performs a better capacitance signal compared with the bare device. The immobilization of DNA was successfully detected by showing the highest capacitance values onto the modified GNPs electrode in 30 min. On the other hand, during hybridization of the DNA, the methylene blue was bound in base pairs of double strand DNA selectively that reflected the capacitance values of the sample measured were 44 F, 54 F, 55 F, and 61.5 F, respectively, in 30 min to 4 hours. Therefore, this result confirming the behavior of DNA immobilization and hybridization reaction was successfully detected using a GNPs-modified electrode.
Permittivity Measurement.
The permittivity measurements were also performed on the same device as shown in Figure 5 . These measurements have the same direction with the capacitance measurement whereby it gives the largest changes in permittivity with probe DNA immobilization. It is clearly observed that permittivity increased dramatically which resulted in the permittivity values being 1450 × 10 3 , 700 × 10 3 , 630.6 × 10 3 , and 580 × 10 3 for DNA immobilization during period of time of 30 min to 4 hours. The capacitance measurements started to significantly increase from a frequency of ∼1 Hz and degraded as the frequency increases. The result revealed that permittivity measurement gives more sensitivity at lower frequency during hybridization.
The permittivity values during hybridization were 399 × 10 3 , 480 × 10 3 , 500 × 10 3 , and 554 × 10 3 , respectively. This work demonstrated that changes in capacitance and permittivity value of the GNPs-modified electrode during probe DNA immobilization and hybridization ensure the presence of the DNA during the measurement using GNPs electrode.
Conclusions
In conclusion, we have demonstrated the DNA immobilization and hybridization on GNPs-modified SiO 2 thin film as electrode device. The difference of the capacitance and permittivity value during immobilization and hybridization had successful conducted in electrolyte solution. The capacitance and permittivity value differences in 30 min have shown the best result for DNA immobilization and hybridization. This established GNPs based biosensing platform is potentially applied as the diagnostic or enzyme sensor application.
